[Regulation by chloride ion of astroglial cell functions and morphological transformation].
Recently, several lines of evidence have indicated the important roles of glial cells, especially astrocytes, in the regulation of neuronal functions. The neuron-glia interaction is one of the most important issues in neuroscience, including neuropharmacology. I reviewed the present status and perspectives on the physiologic and pathologic functions of astrocytes in relation to the roles of intracellular Cl-. Astrocytes have different types of Cl- transport systems, such as voltage-sensitive and ligand-gated channels; HCO3(-)-Cl- exchange; and Na+, K+, Cl- cotransport systems. Anion exchange and cotransport systems are responsible for intracellular pH regulation and astrocytic volume regulation, respectively. Especially, astrocytic volume regulation is physiologically important for reducing the concentrations of K+ and glutamate in the extracellular space by their uptake systems. Disturbance of astrocytic volume regulation is expressed as astrocytic swelling, which is usually observed in various brain pathologic states including ischemia. Experimentally, glutamate caused a typical swelling of astrocytes in culture by Cl- and Ca(++)-dependent processes. Glutamate-induced swelling is qualitatively different from reversible swelling induced by hypoosmotic medium. Recently, we found that Cl- is intracellular factor for modulating the receptor-adenylate cyclase system in brain slices. Similarly, the receptor- and forskolin-stimulated adenylate cyclase of astrocytes showed a clear Cl- dependence. This was functionally confirmed by astrocytic morphological transformation induced by the cyclic AMP system.